SUMMARY

Background
Faecal short chain fatty acids (SCFAs) are produced by the gut microflora. We have previously reported high faecal SCFA levels in children with CD, indicating alteration in gut microfloral metabolism. Data accumulated over recent decades by us and others suggest that wheat-free oats can safely be included in a gluten-free diet (GFD). However, concerns have been raised with respect to the safety of oats in a subset of coeliacs.
Aim
To describe faecal SCFA patterns in children with newly diagnosed CD treated for one year with a GFD with or without oats.
Methods
This report is part of a randomised, double-blind study on the effect of a GFD containing oats (GFD-oats) versus a standard GFD (GFD-std). Faecal samples were received from 34 children in the GFD-oats group and 37 in the GFD-std group at initial diagnosis and/or after one year on a GFD. Faecal SCFAs were analysed.
Results
The GFD-std group had a significantly lower total faecal SCFA concentration at 12 months compared with 0 months (p<0.05). In contrast, total SCFA in the GFD-oats group remained high after one year on the GFD. The children in the GFD-oats group had significantly higher acetic acid (p<0.05), n-butyric acid (p<0.05) and total SCFA concentration (p<0.01) after one year´s diet treatment compared to the GFD-std group.
Conclusions
Our results indicate that oats do affect the gut microflora function, and that some coeliac children receiving oats may develop gut mucosal inflammation, that may present a risk for future complications.
INTRODUCTION
Coeliac disease (CD) is a gluten-induced, immune-mediated, inflammatory process affecting almost exclusively individuals carrying HLA DQ2 and/or DQ8. [1] [2] [3] It is characterised by increased coeliac serology markers, and small bowel enteropathy including lymphocyte infiltration of the epithelium and lamina propria, crypt hyperplasia and various grades of villous flattening. Treatment with a gluten-free diet (GFD), i.e. a diet free of wheat, rye and barley, leads to a normalisation of serology markers and enteropathy. The prevalence of CD is about 1 % in the Western World. 4 CD is one of the most common chronic diseases in the childhood population, with a prevalence as high as 3 %.
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There is mounting evidence that gut microorganisms trigger immune activation in CD 6 7 , and aberrations in the gut microflora have been reported in coeliacs. [8] [9] [10] [11] Furthermore, our group has analysed faecal short chain fatty acid (SCFA) concentration as a marker of gut microflora metabolism. We found that children with untreated, symptomatic as well as asymptomatic CD, and coeliac children treated with GFD for up to one year have SCFA patterns that differ significantly from those seen in healthy controls, indicating a disturbed microbiota in CD. 12 13 Oats have been allowed in the GFD in order to increase dietary treatment compliance in these children. The first randomised study on diets with and without oats in adults with CD was published by Janatuinen 14 in 1995 and the first randomised, double blind study on the effect of oats in a large paediatric CD population was performed by our group. 15 Although these studies indicated that wheat-free oats could safely be included in the GFD of coeliac adults and children, concerns have been raised that it may not be fully safe in a subset of coeliacs.
Thus, the aim of the present study was to address this issue by examining the faecal SCFA pattern in CD children after one year´s treatment with or without oats in their GFD to see if oats affect the gut microflora. The children studied comprised two sub-groups of subjects included in the previous study by our group.
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MATERIAL AND METHODS
Patients
This study was part of a randomised, double blind, multicentre study on the effect of a GFD containing oats (GFD-oats) compared to a standard GFD (GFD-std) in 116 children (GFD oats, n=57; GFD std, n=59) with newly diagnosed CD, and has previously been described in detail. 15 The oats were strictly wheat-free. We aimed at a daily oats intake of 25 -50g. Thirtyfour children from the GFD-oats group and 37 children from the GFD-std group were included in this sub-study. Table 1 presents details of the children. The study included all children who delivered faecal samples large enough for SCFA analysis. Each child was studied over a period of one year and delivered at least one faecal sample at 0, 3, 6 and/or 12 months. At the start of the study, all children had small bowel enteropathy consistent with CD, without any difference in the level of mucosal damage between the study groups. At 12 months, all children were in clinical remission and all showed a normalisation of their intestinal mucosa, except for one child in the GFD-std group, who did not undergo a control biopsy.
Gut microflora-associated characteristics
A microflora-associated characteristic (MAC) is defined as the recording of any anatomical structure, physiological, biochemical or immunological function in an organism that has been influenced by the microflora. 16 In the present study we used the faecal SCFA pattern as MAC, in order to assess the effects of oats in our CD children. The SCFA patterns found in the faecal samples represent the unabsorbed fraction of SCFAs produced in the gastrointestinal tract.
The faecal samples were frozen either immediately or at least within 20 min of passage and stored at -20 o C pending analysis. SCFA analyses were performed at the Karolinska Institute, Stockholm, Sweden. The faecal material was homogenised after the addition of distilled water containing 3 mmol/L of 2-ethylbutyric acid (=internal standard) and H 2 SO 4 (0.5 mmol/L). A 2-mL sample of the homogenate was vacuum distilled according to the method of Zijlstra et al., 17 modified by Höverstad & Björneklett. 18 The distillate was analysed using gas-liquid chromatography and quantified using internal standardisation. Flame ionization detection was employed. The results were expressed in mmol/kg wet weight. The following SCFAs were analysed: acetic acid, propionic acid, i-butyric acid, n-butyric acid, i-valeric acid and n-valeric acid. The results are presented as (i) individual and total SCFA concentrations, and (ii) a fermentation index (amount of acetic acid minus propionic acid and n-butyric acid, together divided by the total amount of SCFAs). 19 20 This index mainly reflects the fermentation of carbohydrates, and a high value combined with a high total amount of SCFA principally mirrors pro-inflammatory properties of the SCFAs.
Statistical analysis
Statistical analysis was performed using Student´s t-test. P-values <0.05 (*) and < 0.01 (**)
were considered significant.
Ethical considerations
The oats study was approved by the Human Research Ethics Committee of the Faculty of Health Sciences, University of Linköping, as main committee for the investigation.
RESULTS
In the GFD-std group, the total SCFA concentration was high at 0 and 6 months but significantly lower after 12 months on GFD (p<0.05) ( Table 2 ). In contrast, the total SCFA remained at a high level throughout the year on a diet in the GFD-oats group. The children in the GFD-oats group had significantly higher acetic acid (p<0.05), n-butyric acid (p<0.05) and total SCFA (p<0.01) concentrations after one year of diet treatment compared to the GFD-std group. The concentrations of the remaining SCFAs did not differ between the study groups at 0, 6 and 12 months, respectively. During the year on a GFD, the fermentation index remained high in both the GFD-oats and GFD-std groups with no significant differences.
Mean (median) amount of oats ingested in the GFD-oats group was 20 (15) and 16 (15) g/day at 6 and 12 months, respectively (no significant difference). We did not find any conclusive correlation between the amount of consumed oats and SCFA levels.
The number of faecal samples at 3 and 9 months were too few to permit statistical analysis.
Results of these samples were thus excluded from the analyses.
DISCUSSION
The main finding in the present study was the significant decrease in total SCFA concentration in the GFD-std group during the year on a GFD. This is in contrast to the GFDoats group, in which the pro-inflammatory acetic acid and total SCFA concentration remained high throughout the diet period. This might be explained by the higher fibre content, due to the addition of oats to the GFD, thus providing more substrate for fermentation. However, it has been shown that poorly-fermentable oat husk does not result in an increase in production of total SCFA, acetic acid, propionic acid or butyric acid, as opposed, for example, to the highly-fermentable soy-bean oligo-saccharide. 21 Alternatively, it could have been that a number of children in the GFD-oats group did not tolerate oats and that the high faecal SCFA concentration in the GFD-oats group was indicative of an on-going inflammation in the oatsexposed intestinal mucosa. Although acetic acid is generally regarded as a fatty acid that can promote an inflammatory process, recent evidence from animal experiments suggests that it could also play an immune-modulating or dual role through its effects on chemoattractant receptors on neutrophils, potentially adding to a more rapid activation and resolution of the inflammatory reaction. 22 23 The SCFA fermentation index, which mirrors intestinal inflammation and has a reference value of < 0.05, 19 20 was high in both groups after one year´s GFD. We recently reported that a GFD-std of more than one year´s (median 4 years´) duration is needed to fully normalise faecal SCFA patterns, including the fermentation index, in children with CD. 20 The present paper is based on the results from one year´s diet therapy, only. It thus remains to be seen if normalisation of SCFA levels and fermentation index in the GFD-oats group occurs following longer periods on a GFD. Given that oats may have the potential to elicit an inflammatory response in some patients with CD, it is important to maintain long-term monitoring of CD patients receiving oats, considering the fact that chronic gut mucosal inflammation might increase the risk of malignancy, which is a potential, even though small, risk factor in CD, documented in a recent meta-analysis. 24 In our original study on the effects of oats in children with newly diagnosed CD, we concluded that the addition of oats to a GFD was accepted and tolerated by the majority of children studied, as indicated by normalisation of the small bowel mucosal architecture and decreasing coeliac serology markers after one year´s treatment with a GFD containing oats. 15 Similar results were reported by others. 25 26 On the other hand, Lundin et al. raised some concerns regarding the safety of oats in adults with CD. 27 28 They concluded that a number of adult coeliacs exposed to oats in their GFD appear to experience abdominal symptoms or even produce avenin-reactive T-cells in the small intestinal mucosa. However, Koskinen et al.
reported that oats did not induce transglutaminase-2 autoantibody production at the intestinal mucosal level in CD children over a 2-year follow-up. 25 Furthermore, we have previously reported that CD children have similar serum anti-avenin antibody titres following one year´s GFD-std or GFD-oats treatment. 29 Nevertheless, it should be noted that some of the CD children in both study groups continued to excrete high amounts of urinary nitrite/nitrate, which is an indication of up-regulation of inducible nitric oxide synthase, induced by proinflammatory cytokines. 30 Moreover, it has been shown that the potential toxic effects of oats in coeliacs may differ between the various varieties of oats. 31 32 Further studies of the longterm effects of different oats varieties in coeliac patients are thus warranted, 33 since oats have a positive nutritional effect in these patients significantly increasing the fibre content of the conventional GFD, the fibre quantity of which is otherwise poor. 26 Importantly, the oats in this study were strictly wheat-free, a necessary demand also in future studies.
A limitation of this randomised, double-blind study is the fact that all children in the study groups did not deliver faecal samples. In addition, some of the delivered samples were too small to permit analysis. However, the distribution of missing samples is evenly distributed between the two study groups. Moreover, it can be questioned whether measurement of faecal SCFA at just 1 -2 time points over several months is meaningful, given the likely variability of daily food intake and volume of faeces. However, in our experience, the functional aspects and the relative proportion of faecal SCFAs appear to vary more slowly, allowing for less frequent sampling and thus giving relevance to our results. This is also supported by previous reports by us. 12 13 19 20 In this study we focused our attention on elucidating oats-related effects on the function of the gut microflora of the children. Based on the new findings, it would also be of interest to study if there are corresponding, distinct traits in the composition of the faecal microbiota.
In conclusion, the results of this study indicate that oats in the GFD of children with CD affect the faecal SCFA pattern, a gut microflora-associated characteristic. To our knowledge, this observation has not previously been reported. The clinical implication of this finding is unknown. However, some coeliac children receiving oats may suffer chronic gut mucosal inflammation that presents a potential risk for future complications. Obviously, long-term studies and new bio-markers of gut mucosal inflammation are needed if we are to further analyse the effects of oats in patients with CD.
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